Abstract. The nuclear reactions in the pp-chain region and on the breakout process from the pp-chain region under very high temperature conditions are reviewed, and some possibilities for experimental investigation are discussed. The reactions discussed could play an important role typically for the primordial nucleosynthesis and supernova nucleosynthesis. Specifically, I discuss here the reactions starting from the two key nuclei, 7 Be and 7 Li. The 7 Be(n,D) reaction, which destroys 7 Be, is considered to have a large impact to the primordial 7 Li problem. Our recent estimate of the reaction rate indicates that the reaction rate can be about one order of magnitude smaller than the rate currently adopted, suggesting this channel has a minor effect for the 7 Li problem. Under a proton-rich environment at high temperature like the Qp-process,
The pp-Chain Region and the Breakout Process
Observation of elements is one of the keys for studying the evolution of the universe as well as various stellar phenomena. Almost all the elements were produced by nuclear reactions along the evolution of the universe. Thus, studying nucleosynthesis is a powerful tool to look back the history of the universe [1] , and investigate the mechanism of the evolution.
The primordial nucleosynthesis just after the big bang is one of the key elements that support the big bang model. The nuclear reactions there took place in a neutron-rich environment under relatively high temperature conditions for the first few minutes just after the big bang, and produced primarily the nuclides in the pp-chain region. Thus, the nuclear reactions in the pp- chain region played crucial role in the primordial nucleosynthesis. However, the recent observation of the cosmic microwave background by WMAP [2] and the ESA Plank Mission [3] together with the optical observations [4] have revealed that there is a significant inconsistency in the 7 Li abundance [5] . There still is a possibility that this problem comes from unstudied, or not well studied nuclear reactions in the pp-chain region in the primordial nucleosynthesis, although so much efforts have been made for many years in nuclear astrophysics.
The nuclear reactions in the pp-chain region also play a very important role in type II supernovae, because Fe and Ni nuclides in the core region may be dissociated to protons, neutrons and alphas, and the nucleosynthesis starts from the pp-chain region and produces heavier nuclei. Thus, the nucleosynthesis in the early epoch of type II supernovae first make the seed nuclei from the pp-chain region in the r-process and the Qp process [6] [7] [8] .
Thus, the nuclear reactions in the pp-chain region and on the breakout pathway from the ppchain region control significantly the production of heavy nuclides. There are a lot of efforts made for the reaction studies in the pp-chain region at low temperatures, for instance, for the solar neutrino problems, but only a few efforts for the reactions at high temperatures, where more unstable nuclei are involved.
It should be worth noting that major efforts were made for the proton capture reactions on proton-rich unstable nuclei in the proton-rich nuclear regions for explosive hydrogen burning. However, at high temperatures in the light mass region, alpha induced reactions play a dominant role, mostly (D,p) reactions that bypass the waiting points, and would accelerate the nucleosynthetic flow to heavier mass regions [9] . There are several efforts reported for these reactions, but almost none are known well yet. Another interesting point for the nucleosynthesis at high temperature in the proton-rich nuclear region is that neutron-induced reactions will also play an important role like in the Qp-process. Of course, it is a very challenging subject to investigate such reactions because both the projectile and the target are unstable.
7
Li problem in the primordial origin There are many astronomical observations which report that 7 Li together with other nuclides 1   H,  2 H,   4 He, etc, may be of primordial origin, although there could be other contributions for 7 Li abundance. The elemental abundance calculations by the standard big bang model reproduce all the nuclides in the pp-chain region except for 7 Li [5] . There are two possibilities for this discrepancy; one possibility is due to some uncertainties in nuclear physics, and the other is the one in the astronomical observation. Thus, this problem should be worked out by checking all possible nuclear reactions relevant thoroughly for nuclear physics side. 7 Li is considered to have been produced primarily through the 3 H(D J 7 Li reaction and from 7 Be. Figure 1 shows a typical calculation [10] of the primordial nucleosynthesis. The main contributor for 7 Li is considered to be the 7 Be(n,p) 7 Li reaction, whereas the 7 Be(n,D) may be an important destruction reaction of 7 Be, which would reduce the 7 Li production. Both reactions on 7 Be, however, are not well investigated, especially almost none for the (n,D) reaction. Be in the primordial nucleosynthesis by the standard model [10] .
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In the pp-chain region, there remain some possibilities that some unknown resonances would affect the 7 Li abundance. Another interesting reactions for the primordial nucleosynthesis are those on the possible pathway of the breakout from the pp-chain region, 7 Li(n,J) 8 Li(D,n) 11 B [12] . These reactions also play an important role in the early stage of the r-process, as will be discussed in sec. 3 [13] .
The nuclear reactions on the beakout processes under explosive burning at high temperatures
The nuclear reactions in the pp-chain region is depicted in Fig. 2 together with possible breakout processes under high temperature astronomical conditions [11, 12, 13] . The triplealpha reaction is considered to be a key process for a wide temperature range in various scenarios. The 4 He(D) 8 Be(n,J) 9 B process is considered to be another important pathway in type II supernovae. In addition, the pathway, mentioned in the last subsec.
7 Li(n,J) 8 Li(D,n) 11 B also is important in the type II supernovae, and the possible CNO element production in the primordial universe.
Under proton-rich, high temperature conditions like in the Qp-process in the very early epoch of type II supernovae, nuclear reaction chains that involve proton-rich nuclei are considered to be favourable like . Since the nuclear reactions on the breakout processes involve unstable nuclei, most of them were not investigated well yet. The breakout conditions actually influence very much the heavy element synthesis as we see in the next subsec. Therefore, the reaction study of these processes along the breakout processes is considered to be one of the key subjects for investigation of explosive burning in nuclear astrophysics. This paper will discuss some important reactions among them.
The Q Qp-process in type II supernovae
The Qp-process, proposed in 2006 [6] [7] [8] , may take place at the very early epoch of type II supernovae in the ejecta near the inner core. Here, it can be proton-rich with some fraction of neutrons at very high temperatures because they are in equilibrium through the weak interaction; l l e n p e p n e e Q Q , and the mass difference of proton and neutron. This process has been discussed as a possible source of p-nuclei near A=90 -100, which have anomalously large isotopic abundances [14] .
To investigate this possibility, we need to confirm this process from nuclear physics point of view, as the most nuclear reactions involved are unknown yet. It involves not only proton and alpha induced reactions, but also neutron-induced reactions in the proton-rich unstable nuclear regions. Specifically, the breakout process from the pp-chain region has a quite large influence to the production of nuclei around A ~ 90-100, as can be seen in the sensitivity test shown in Fig. 3 . In addition for the Qp-process, one needs to study neutron-induced stellar reactions on proton-rich nuclei, which is a distinct difference from the ordinary rp-process. But, an important point here is that the Qpprocess has a possibility to contribute for the chemical evolution, which is different from the xray bursts which do not contribute to it. An interesting consequence of the neutron-induced reactions is that the waiting points of the rp-process may be discarded by the (n,p) and (n,D) reactions, and the nucleosynthesis may flow up to heavier mass regions [11] .
The Qp-process thus involves nuclear structures which are not investigated yet. The proton capture reactions may be sensitive to low-lying proton resonances of a single particle configuration. Pigmy resonances might also contribute to the (p,J) reaction if they exist in this energy region, and alpha cluster resonances to the alpha-induced reactions. This possibility is supported by the cluster threshold rule [15] , which says that alpha cluster states will appear with a large possibility near the alpha-thresholds. Of course, there are very few experimental studies on alpha cluster resonances in proton-rich unstable nuclear region yet. The neutron thresholds in proton-rich nuclei locate at much higher energy region, where almost no nuclear structure information are available in nuclear physics yet. The neutron-induced reactions on proton-rich unstable nuclei are very difficult to study, as discussed above. If the reactions involve proton-rich nuclei located close to the line of stability, there is a possibility to study it by a time-reverse reactions. If the proton-rich nuclei have a long half-lives, one may make a target for the study. These are, however, very limited, and mostly the proton-rich nuclei relevant are short-lived nuclei located away from the line of stability, which cannot be reached by the time reverse reactions. Currently, people are using statistical models to estimate almost all cross sections of the alpha-and neutron-induced reactions, although statistical models are known to be not precise enough in the light mass regions, and further the statistical models are not investigated so much in unstable nuclear regions. Thus, the experimental studies of the stellar reactions by alpha and neutrons should be very important and a challenge for the coming years in nuclear astrophysics. I will discuss these subjects along with our recent experimental efforts, specifically emphasizing the astrophysical reactions starting from 7 Be and 7 Li in the following sections. Li abundance, compared with the result using the Wagoner rate, and thus, the new rate makes the 7 Li problem worse. The present estimate should be confirmed by experiment.
7 Be(D D J)
C reaction
The nucleosynthetic flows through the proton-rich nuclear side in the pp-chain region are considered to affect significantly the production of heavy nuclei in the Qp-process [11] , as discussed in subsec. 1.3. At extremely high temperatures, alpha induced reactions are expected to play a key role in the light mass regions.
Among the possible breakout pathways from the pp-chain region, the least investigated but very crucial pathway is 7 Be(D J)
11
C(D,p) 14 N. The first step reaction 7 Be(D J) 11 C, which is considered to have the decisive role in the pathway, was studied previously by the direct method using a 7 Be target [20] , but it was limited up to the second resonance above the D-threshold. We need to know the contributions from the high-lying resonances in 11 C, which might have significant contributions at high temperatures.
In order to study the highlying resonances, an experiment was performed [21] for 7 Be+D resonant scattering with a thick-target method using a high-intensity, nearly pure 7 Be beam from the CRIB facility [22, 23] of the University of Tokyo, set in the RIKEN RIBF facility. The 7 Be beam was about 2x10 5 pps and 17.9 MeV. Both elastic and inelastic events were measured separately by using a 'E-E Si detector telescope together with Figure 4 The cross sections of the 7 Be(n,D) 4 He reaction estimated from other reaction data together with the cross section at the thermal energy [19] . 01001-p. 5 10 NaI(Tl) detectors for particle identifications.
The elastic and inelastic scattering of D + 7 Be were measured together with the 7 Be(D,p) reaction. A new resonance at 8.90 MeV, which is the third resonance above the alpha threshold, was identified for the first time, with possible spin-parity assignment of (9/2 + ) or 3/2 + , where the R-matrix analysis did not give a unique assignment [21] . New rotational bands were identified that have a large alpha configuration.
The reaction rates estimated through this resonance are shown in Fig. 5 . Here, the gamma decay width of this state was simply assumed to be a typical value, 0.1 of the Weisskopf unit. This work suggests about 10% increase of the total reaction rate of 7 Be(D J) 11 C due to the new third resonance above the alpha threshold in 11 C. Since this reaction rate is considered to have the decisive role for breakout from the pp-chain region, this gamma width needs to be investigated experimentally.
2.3
11 C(D D,p)
N reaction
The second reaction 11 C(D,p) 14 N on the breakout process was studied recently [24] by the direct method for the first time using a high-intensity 11 C beam at very low energies. This reaction was previously studied only by the time-reverse reaction 14 N(p,D) 11 C with an activation method.
Apparently, the time reverse reaction study is not sensitive to the reactions leading to the excited states in 14 N. It should be also worthwhile to confirm by the direct method the cross sections to the ground state derived previously by the activation method. The 11 C(D,p) 14 N experiments [24] were performed at the CRIB facility [22, 23] . The 11 C beam at low energies were produced at the CRIB facility; 3x10 5 pps at 10.1 MeV, and 1x10 5 pps at 16.9 MeV with a purity better than 97 %. A new method was developed here for efficient measurement of the excitation functions of the N reactions for the ground states and the first and second excited states [24] . The cross sections for the ground state transitions obtained agree well with the cross sections previously measured by the time-reverse reaction with the activation method [25] . The cross sections for the first and second excited states were also obtained for the first time, and our data consistently disagree with the statistical model predictions roughly by a factor of 2-5.
The R-matrix analysis identified several new resonances, and new resonance parameters for the known states in 14 N. This is the first extensive, direct measurement of the stellar (D,p) reaction cross sections with the proton-rich unstable nuclei, identifying each resonance and the resonance parameters. It is interesting to note that alpha cluster states enhance the reaction rates; some large peaks of the reaction cross sections are due to large alpha widths, as expected.
This experiment has successfully determined for the first time the 11 C(D,p) 11 N reaction rates at the temperature region important for the Qp-process, including the transitions to the excited states in 14 N. The present result supports the Qp-process simulation that nucleosynthesis-flow runs up to the mass region of A=90~100. This study also has confirmed very precisely the cross sections for the 
Li reaction
Possible heavy elements synthesis in the inhomogeneous big bang model was discussed seriously late 1980s and 1990s both in theory [12] and experiment [26] [27] [28] [29] [30] [31] [32] [33] . One of the important pathway suggested was 7 Li(n,J) 8 Li(D,n) 11 B for the CNO element synthesis. Later, this pathway also has been identified to be important in the type II supernovae in the early stage of the r-process. The B, deduced based on the present experiment [33] , together with other data indicated.
